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ABSTRACT 


This  report  covers  work  being  done  on  the  development  of  high  temper¬ 
ature  liquid  lubricants  for  use  in  advanced  aerospace  applications.  The  phases 
of  study  include;  (l)  the  selection  of  additives  on  a  more  scientific  basis; 
and  (2)  modification  of  molecular  structures  of  existing  fluids  by  developmental 
synthesis.  The  work  on  Phase  I  covered  two  classes  of  materials,  the  alkyl- 
substituted  pyrazines,  and  the  aryl-eaters.  The  work  on  Phase  II  was  concerned 
with  the  modification  of  the  polyphenyl  ethers  to  improve  their  low  temperatures 
properties  by  attacking  various  alkyl  groups  to  the  polyphenyl  ether  system 

through  an  amine  linkage.  This  in  an  interim  report,  as  work  is  continuing  on 
these  two  phases. 

This  report  has  been  reviewed  and  is  approved. 


fluid  &  Lubricant  Materials  Branch 
Nenmetallic  Materials  Division 
AF  Materials  Laboratory 
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I.  INTROHJCTICN 


The  current  objective  of  subtask  30^4  05A.,  the  subtask  under  which  the  work 
covered  in  this  report  was  performed,  is  to  develop  high  temperature  liquid 
lubricants  for  use  in  advanced  aerospace  applications.  The  current  objective 
of  this  program  is  to  develop  an  oxidatively  stable  fluid  or  formulation  for 
use  at  bulk  oil  temperatures  of  500°  F  and  above.  The  objective  is  being 
pursued  in  twe  Phases. 

EbaS£_i*  -  The  selection  of  additives  on  a  mere  scientific  basis,  incorporates 
the  use  of  vapor  phase  chromatography,  liquid-solid  chromatography,  infrared 
spectroscopy,  qnd  other  research  techniques  to  identify  the  oxidative  degradation 
products  of  base  fluids  and  various  formulations  of  the  base  fluids  under 
investigation.  Upon  the  comparison  of  the  oxidation  products  of  the  base  fluid 


and  its  formulations  with  various  additives,  the  effect  of  the  additives  on 


preventing  the  oxidation  of  the  fluid  is  determined.  After  a  back-log  of 
Information  concerning  the  types  of  oxidation  minimized  by  various  additives  is  obtained 
it  is  anticipated  that  the  beat  additive  package  for  a  new  experimental  fluid 
could  be  predicted  by  studying  its  chemical  structure. 

Pt  -  Th#  current  emphasis  on  phase  II,  the  modification  of  molecular 


structure  of  existing  fluids  by  developmental  synthesis,  is  on  the  inprovement 

of  the  low  temperature  properties  of  the  polyphenyl  others.  An  attempt  is 

being  made  to  improve  their  low  temperature  properties  by  attacking  various 

alkyl  groups  to  the  pelyphenyl  ether  backbone  through  an  amine  linkage. 

~  ^  ixR 


^i,e*  ^  ^  )  Tt  is  hoped  that  the  nitrogen  atom 

being-used  as  the  link  will  sufficiently  lower  the  electron  density  of  the  alkyl 


groups  so  that  the  entire  system  will  be  oxidatively  stable  at  5000  F. 
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II.  SELECTION  OF  ADDITIVES 


In  order  to  select  an  additive  to  inhibit  the  oxidative  degradation  of  a 
apeeific  fluid,  it  is  first  necessary  to  have  a  better  knowledge  concerning  the 
oxidative  degradation  products.  -The  following  procedure  is  currently  being  used 
to  obtain  the  needed  information  (4)  a  sample  of  an  unformulated  fluid  is 
oxidatively  stressed  under  specific  conditions,  with  provisions  made  for 
separately  collecting  a  dry-ice  cooled  condensate,  a  water-cooled  condensate 
and  a  residue,  (b)  These  three  fraotiens  are  Individually  further  separated 
and  the  components  thereby  obtained  characterized  and  identified  by  vapor  phase 
chromatography,  infrared  spectroscopy,  and  other  research  tools  and  techniques. 

(c)  Samples  of  the  unstressed  base  fluids  are  then  formulated  with  various 
additives,  the  formulations  oxidized  as  in  (a),  and  the  fractions  thus?  collected 
separated  and  identified.  Comparison  of  the  products  formed  by  the  oxidation 
of  the  formulation  with  these  formed  in  the  base  fluid,  the  effect  of  each 
additive  can  be  determined. 

Two  fluids  have  been  studied  up  to  and  including  step  (b).  A  disubstituted 
alkyl  pyrazine  fluid,  was  available  only  in  minute  quap titles,  fch»™>hy  allowing 
only  a  preliminary  investigation.  However,  A  second  fluid,  an  aryl  ester,  is 
available  in  sufficient  quantity  to  carry  the  study  through  step  (c),  and  this 
work  has  been  recently  initiated. 

Although  the  supply  ef  the  alkyl  pyrazine,  2-n-heptyl -6-(5-tridecyl)-pyrazine, 
was  limited,  some  important  information  was  obtained  which  confirmed  predictions 
as  to  the  mode  of  decomposition  of  this  class  ef  fluids.  The  fluid  was  oxidized 
at  450°  F  for  24  hours  with  an  air  flew  of  20  1/hr,  and  three  fractions  were  obtained, 
a  dry-ice  acetone  trap  condensate,  a  water  cooled  condensate,  and  a  residue.  Even 
though  exact  identification  of  oxidative  degradation  products  was  not  possible  in 
all  eases,  usually  enough  material  was  collected  to  indicate  what  type  of  compound 
it  was  (i.e.,  aliphatic  ketone,  aldehyde,  acid,  et  cetera).  From  the  data  obtained. 
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the  oxidative  degradation  of  the  alkyl  pyrazlnes  seems  to  preeeed  through 
cleavage  of  the  alkyl  groups,  leaving  the  pyrazine  ring  intact.  In  the 
residue,  however,  a  small  amount  ef  material#  whose  infrared  spectrum  resembled 
that  of  a  phthalate  was  found,  which  would  indicate  rearrangement,  if  net 
oxidative  attack,  on  the  pyrazine  ring.  However,  the  major  of  the  oxidative 
attack  seems  to  be  occurring  on  the  alkyl  groups  according  to  the  following 
react ien  s 


i  tf  a 

H  -C  -C  -c-H 

i  ft  i 
H  H-C't* 

* 

h-c-hI 

H-C-M 

H-c-H 

M  -c-H 


H-c-H 

K-i-M 

H-c-H 


O 

H  M  u  H  H  H  ^  _  o 

i  ,  i  >  '  '  .  *  *i  EDll^  H 

C- C -c- C  ”C  -  C  "*C -*}  -j ■> 
i  I  •  •  •  I  ' 

H  vt  H  H  H  H  H  '* 


Aliphatic  aldehydes 
Aliphatic  ketones 
'Aliphatic  acids 
Hydrocarbon* 


If  more  material  would  have  been  available,  it  would  have  been  interesting 

I 

to  identify  all  of  the  aliphatic  compeunds  formed,  however  it  was  not  possible  ! 

i 

to  obtain  this  information.  | 

The  work  on  the  aryl-ester,  was  more  complete  beoause  there  was  a  sufficient 
quantity  of  the  material  under  investigation,  p-(tert-butylphenoxy) -phenyl  ji 

neoheptonoate,  to  oxidatively  stress  enough  samples  for  subsequent  separation 

•  i 

and  identification  of  the  oxidative  degradation  products.  Qaly  two  samples  were 

“  *  i 

collected  from  the  oxidation  of  this  fluid,  a  water-cooled  distillate,  and  a  residue, 

'  „  i  i 

as  ne  dry-ice  actone  cooled  oondensate  was  obtained.  It  was  found  that  of  the  1 

s  • 

water-cooled  distillate,  the  major  c cmponent  was  neeheptanoio  acid  (72.53*). 


However,  since  the  water-cooled  distillate  contained  such  a  small  quantity  of 
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materials  (  3  ml),  the  residue  contained  the  aajerity  of  the  deeompesitien 

preducts.  The  major  components  of  the  residue  were  identified  as  (l)  unexidized 
starting  material*  (2)  p4ert-butylphenel,  (3)  p-hydroxyphenylneoheptanoate, 
and  (4)  hydrocarbons,  probably  alkenes  C.enly  a  trace  ef  this  component  was 
collected). 


Since  the  major  oxidative  degradation  products  are  p-t-butylphenol  and 

p-hydrexyphenylneoheptanoate ,  the  side  ef  the  most  vigorous  oxidative  attack 

'  / 

seems  to  be  the  phenexy-phenyl  bond,  (i.e.<  ( 


1 

CH3 


Whether  this  reaction  proceeds  through  a  peroxide  or  a  furan  ring  intermediate 
has  not  yet  been  established,  but  since  only  compounds  containing  -Oh  groups 
were  found,  and  no  compounds  containing  mono-substituted  benzene  were  detected, 
the  peroxide  intermediate  seems  to  be  favored.  These  data  seem  consistent  with 
the  findings  that  the  same  additives  whioh  are  effective  in  the  polyphenyl  ethers, 
are  effective  in  preventing  the  oxidative  degradation  of  p^tert-butylphenoxy)- 
phenyl  neeheptaneate.  The  effect  of  this  additive  on  the  oxidative  degradation 
products  of  this  fluid  will  be  investigated  by  proceeding  through  Step ~C  of  S 
this  phase, 

* 

III.  MODIFICATION  OF  MOLECULAR  STRUCTURE  BY  EE7EL0PMENTAL  SYNTHESIS 

Since  the  polyphenyl  ether  class  of  fluids  exhibit  excellent  oxidative 
stability  at  500°  F,  but  possess  poor  fluid  properties  at  low  temperatures, 
a  program  was  initiated  to  improve  their  low  temperature  properties  without 
sacrificing  their  high  temperature  oxidative  stability.  This  work  supplements 
contractual  effort  being  performed  by  Monsanto  Research  Corporation  under 
contract  AF  33(6i7)-8893. 

i 
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From  the  work  being  done  by  Monsanto  Research.  Corporation  as  well  a3  by 
other  similar  contracts  in  which  better  low  temperature  properties  were  sought 
for  Various  oxidatively  stable  systems  by  attaching  alkyl  groups  directly  to 
the  oxidatively  stable  systems,  it  has  been  found  that  the  inherent  oxidative 
instability  of  the  alkyl  groups  so  decreases  the  oxidative  stability  of  the 
whole  system  that  the  improved  low  temperature  properties  were  of  little  value. 
However,  it  was  felt  that  if  the  alkyl  groups  could  be  connected  to  the  ring 
through  an  electronegative  atom,  which  would  change  the  electronic  distribution 
throughout  the  alkyl  groups,  perhaps  the  alkyl  groups  would  have  greater  oxidative 
stability*  Therefore,  the  starting  materials  chosen  for  this  synthetic  effort 
was  m-phenexyphenyl-m-aminophenylether ,  and  the  alkyl  groups  would  be  linked  to 
the  pelyphenylether  system  through  an  electronegative  nitrogen  atom  i>y  the 
following  reaction  sequence* 


Where  R  and  Rf  3  alkyl  groups  (e.g.  methyl,  t-butyl,  et  cetera) 
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Acetylation  of  the  starting  material  proceeded  quite  nicely,  but  alkylation 
of  the  acetylated  amine  has  not  proceeded  nearly  as  smoothly*  At  first  a  small 
scale  alkylation  was  attempted  with  1-n-hexylbromide ,  and,  although  the  reaction 
did  occur,  it  went  in  suoh  poor  yield  that  it  was  impossible  to  calculate. 

Another  alkylation  was  attempted  with  tert-butyl  iodide  and  no  vacuum  distillable 
products  were  formed*  Another  procedure  is  being  attempted  to  isolate  and 
identify  the  reaction  product*. 

IY.  SUMMARY  AND  CONCLUSIONS 

A*  The  results  obtained  in  Phase  I  of  this  program,  the  selection  of 
additives  on  a  more  scientific  basis,  indicate  that  vapor  phase  chromatography 

and/or  liquid  solid  chromatography  used  in  conjunction  with  infrared  spectroscopy 

% 

and  other  analytical  methods  show  promise  as  research  tools  in  the  study  of  high 
temperature  oxidative  degradation  products  of  fluids  for  use  as  liquid  lubricants 
in  advanced  aerospace  applications •  Although  sufficient  quantity  of  the  alkyl 
pyrazine  studied  was  not  available  for  a  more  complete  Investigation,  the  work 
was  useful  in  the  development  of  the  techniques  required  for  the  program  and 
showed  that  an  approach  of  this  type  was  feasable* 

B.  The  work  done  on  the  chemical  modification  of  the  polyphenylethers 
indicates  changes  that  need  be  made  in  the  program.  Due  to  the  difficulty 
encountered  in  the  isolation  and  purification  of  the  N-acetyl-n-alkyl-m-phenoxyphenyl 
m-amino  phenyl  ethers  prepared  thus  far,  perhaps  a  different  sot  of  reactions  may 
simplify  and  perhaps  eliminate  the  problems.  The  revised  reaction  sequence  is 
as  fellows: 


—6— 
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This  reaction  sequence  will  facilitate  the  purification  of  the  intermediate 

amine  and  amide  reaction  products  by  permitting  the  purification  of  lower  molecular 

¥ 

weight  compounds  which  require  less  strenuous  temperature  requirements  for  their 
purification  than  the  higher  molecular  weight  intermediates  which  are  very  difficult 
to  isolate.  By  the  time  the  mdlecule  is  required  to  withstand  high  ten?>eratures  in 
its  isolation  and  purification,  it  should  be  able  to  withstand  the  required  conditions. 

Since  results  on  both  phases  of  the  program  are  encouraging,  it  is  recommended 
that  this  program  be  continued. 

Y.  EXPERIMENTAL  (304405-A-l) 

Oxidative  -Degradation*  of  ELO-62-96  2-n-hootrl-6-(  5-tridecyl  )-pyrazine 

A  test  tube  (500  mm  X  22  mm),  fitted  with  a  take-off  adaptor  (which  is 

fitted  with  a  modified  Bean-Stark  trap  and  a  gas  inlet  tube  which  extends  te 

/ 

within  4  mm  of  the  bottom  of  the  test  tube),  was  charged  with  20  ml  of  ELO-62-96 
2-n-heptyl-6-(5-trldecyl)-pyrazine  .  The  test  tube  was  heated  at  450°  F  for 
24  hour*  with  a  flow  of  20  l/hr  of  air  passing  through  the  sample.  During  the 
course  of  the  oxidation,  some  volatile  materials  were  formed  and  collected  in 
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,  ,  4oo<Lfi1  Same  of  the  volatile  materials 

the  modified  Dean-Stark  trap  (Sample  62966). 

♦  .iwtad  in  the  Dean-Stark  trap,  hut  passed  on  through 
which  formed  were  not  collected  in 

,  fc. mni«-6206B)«  The  material  which 

mi  were  collected  In  a  dry  lee/aceton.  trap  (Sample  6296 

remained  In  the  test  tube  was  collected  (Semple  &#■»• 

!.  Separation  of  components  of  Semple  6296c  by  Vapor  Phene  Chromatograp  y 

■  All  of  the  Taper  phene  chromatography  work  done  during  the  time 

,  A,  .  ..  ..  t  i  m  Model  500  Gas  Chromatograph, 

cowered  by  thin  report  wee  performed  0n  an  P  *  »  "edel  a 

.  „  ~e  The  column  employed  for  this  separation  was 
employing  helium  as  a  carrier  gas. 

.  .  u(th  2  0  weight  %  Versamid  9 00 

a  h  ft  I  1/b  m=h  stainless  steel  column  packed  with  2.0  weigh 

O.  „  l,  , t.a  below  ere  the  instrument  conditions  employed 
on  60  -  80  mesh  Gas-Chrom  P.  Listed  helow 

for  the  separation! 


Helium  Bleed  -  ml /min. 

Helium  new  -  8S  ml/min. 

„  .  _  .  programned  from  75  to  350°  C  at  11  C/mln. 

Colunn  Tenqperature  -  »*■  v- 

Deteotor  Temperature  -  295  c 

Injection  Port  -o  c 

.  •  Temperature  ** 

'  \  „  '  ♦ 

Semple  Site  -  l5°  ul 

A  total  of  10  emponents  were  detected  and  were  In  sufficient  quantity  for 
collection.  The  collection  of  the  consents  was  accomplish^  by  connecting 

.  12.5  cm  length  of  3  -  “  ‘  " 

port  of  the  deteotor, by  mean,  of  a  He-  S«0  Batman  Teflon  adapter.  The  -s  ape 

tub.  was  cooled  by  means  ef  a  liguld  nitrogen  bath  to  condense  the  fractions. 

gash  .ample  was  washed  out  ef  the  eolleotloh  tub.  with  ohlereferm  (Matheson. 

vs*  The  *  Chloroform  wash*  was  deposited  ^ 

Coleman,  and  Bell,  ^JPfdtroquality  grade).  T  ^ 

j  t  .i.j  avaoorate  the  chloroform.  Infrared 
on  small  sedlum  chloride  plates  and  heated  to  ew.por.te 

spectra  ef  the  .ample,  -ewe  then  recorded.  The  fractions  oelleeted.  their 
tomperatur«.  and  Interpretation  of  their  infrared  spectra  are  listed 
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'  Elution 

Saa?ile  Temperature 

1  151-153 


153-156 

157-161 

161-165 

166-170* 

172-200 

200-210 

212-219 


229-240 

322-345 


(0  g)  Remarks  an  Infrared  Spectra  «f  Samples 

Weak  spectrum,  but  C  *  0  band  was  evident 
Insufficient  material  for  infrared  spectrum 
Indicatiens  of  a  ketene  and  an  acid  group 
Insufficient  material  for  infrared  spectrum 


All  ef  these  s  pectra  were  practically 
identical.  In  addition  to  the  bands  present 

in  sample  No.  3.  bands  were  ala®  vresent  at 
6.3,  6.5,  and  9-8^.  These  three  later  bands 

also  appear  in  the  pyrazine  compound  before 

oxidation* 


There  is  evidence  of  a  carboxylic  acid  and  a  ketone  structure  in  all  samples 
which  were  recorded  in  the  infrared  regiio.  Samples  5  through  10  also  have 
bands  indicative  of  the  pyrazine  structure  of  the  starting  material.  The  first 
fractions  may  possibly  be  carboxylic  acids  and  ketones  ©f  the  side  chains.  The 
later  fractions  could  possibly  be  a  carboxylic  acid  and  a  ketone  of  the  original 

material  with  the  nitrogen  riRg  intaot. 

2*  Separation  ©f~  Components  ef  Sample  6296D  by  Liquid-Solid 

4 

Chromatography 

A  chromatography  oolunm  (42  X  5-5  **)•  slliea 

gel  <50-200  mesh,  chromatographic  grad.)  was  charged  with  6296D  <2.0g)  diss.lved 
in  C  Cl4  (25  ml)*  The  fractions  collected  are  listed  in  Table  II. 
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TABUS  II  -  COMPONENTS  OF  6296D  AS  SEPARATED  BY  UQ.UID-SOLID  CHROMATOGRAPHY 


Fraction 

Eluent 

Volume 

Appearance  of  solution 

1 

c  Cl4 

600  ml 

Colorless 

2 

C  Cl4 

600  ml 

Colorless 

3 

Benzene 

250  ml 

Colorless 

4 

t 

Benzene 

250  ml 

Colorless 

5 

Chloroform 

400  ml 

Colorless 

6 

Chloroform 

400  ml 

Colorless 

7 

Chloroform 

400  ml 

Light  Yellow 

8 

Chloroform 

300  ml 

Light  Yellow 

9 

5055  Chloroform 

5C 66  Ethyl  Acetate 

400  £a 

Yellow 

» 

io 

5  (ft  Chloroform 

5 (ft  Ethyl  Acetate 

400  ml 

Yellow 

n 

5  (ft  Chloroform 

5 (ft  Ethyl  Acetate 

400  ml 

Yellow 

12 

5055  Chloroform  , 

5 (ft  Ethyl  Acetate 

400  ml  • 

Yellow 

13 

i 

25 ft  Chloroform 

7555  Ethyl  Acetate 

5  00  ml 

Yellow 

Methyl  Alcohol 

ml 

Yellow 

15 

Methyl  AleoW$'-‘ 

750  ml 

Yellow 

The  fractions  were  evaporated  to  dryness,  and  then  dissolved  in  a 

J  V 

minimum  amount  of  spectroquality  solvent.  Although  a  very  small  sample  was 
present  in  most  cases,  fairly  good  infrared  spectra  were  obtained  after  evaporating 
the  solvent  and  depositing  the  sample  on  small  sodlnm  chloride  plates.  Most  of  the 
samples  were  contaminated  with  the  silicone  grease  used  to  seal  the  glass  joints 
of  the  ohromatographlc  column.  Although  specific  compounds  could  not  he  ascertained, 
the  information  whloh  gained  from  the  infrared  spectra  is  tabulated  in  Table  III. 
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Fraction 


Remarks 


This  spectrum  resembled  spectra  of  hydrocarbons. 

Silicone  grease  was  evident  from  the  spectrum  (contamination;. 

This  spectrum  was  similar  to  No.  1  with  a  slight  amount  of 
carbonyl  present. 

A  carbonyl,  possibly  a  carboxyl  group,  was  evident  with  . 
silicone  grease  contamination* 

This  spectrum  had  a  strong  carbonyl  and  other  absorption 
bands  indicative  of  a  phthalate. 

All  of  these  spectra  were  practically  identical  to  spectrum 
of  fraction  Ij..  Silicone  grease  was  evident  in  all  of  these 
spectra,  as  a  contaminant. 

Strong  evidence  for  a  carboxylate  ion. 

The  spectra  were  similar  to  the  spectrum  of  the-  starting 
material  ‘ 2-heptyl-6-(5  trideeyl) -pyrasine.  A  carbonyl 
■ —  was  present  in  all  three  samples,  also. 

This  spectrum  gave  evidence  for  a  carbonyl,  a  carboxylate  ion. 
and  silicone  grease  contamination* 

The  mechanism  by  which  a  phthalate  could  be  formed  from  the  oxidation 
of  the  starting  material  can  not  be  readily  explained.  Another  sample  of  the 
starting  material  (ELO-62-96)  should  have  been  oxidised  to  determine  the 
validity  of  the  identification,  but  the  supply  of  the  material  was  exhausted. 

3.  Attempted  Separation  of  Components  of  Sample  6296B 

There  was  only  enough  sample  for  one  vrun  and  the  main  component  (80?) 

of  this  mixture  was  water.  , 

B.  Oxidative  Degradation  of  ELO-62-93  p-(t -butyl  phenoxy) -phenyl  neoheptanote 
A  test  tube  (500  mm  X  22  mm),  fitted  with  a  take-off  adapter  (which  is  , 
fitted  with  a  modified  Dean-Stark  trap  and  a  gas  inlet  tube  which  extends  to  within, 
4  mm  of  the  bottom  of  the  test  tube),  was  charged  with  20  ml  of  ELO-62-93 
p-(t -butyl  phenoxy) -phenyl  neoheptanoate  .  The  test  tube  was  heated  at  450  F 


1 

2 

3 

4 

5 •7*8,9*13 

6&15 

10.11&12 

14 
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for  48  hours  with  a  flow  of  20  1/hr  of  air  passing  through  the  sample.  During 

the  course  of  the  oxidation,  some  volatile  materials  were  formed  and  eolleoted 

*  .  ^ 

in  the  modified  Qean-Stark  trap  (Senile  6293C).  No  materials  were  eolleoted 
in  a  dry  lce/aoetone  trap  which  was  connected  to  the  outlet  of  the  Dean-Stark 
trap*  The  material  that  remained  in  the  test  tube  was  rinsed  from  the  test  tube 
with  carbon  tetraohloride  (Sample  6293D)* 

1*  Separation  of  Components  of  Sample  6293^  by  Vapor  Phase  Chromatography* 
A  2  foot  X  1/4  inch  stainless  steel  column  paoked  with  2.0  wt  %  silicone 
gum  rubber  on  60  -  80  mesh  Chromasorb  P.  Listed  below  are  the  instrument  conditions 
employed  for  the  separation! 

Helium  Bleed:  25  ml/min 

Helium  Plow:  45  ml/min 

Colunn  Temperature :  Programmed  from  5 0  to  400°  C  at  7. 9°  C/min 
Detector  Temperature:  4(5°  C 
Injection  Part  Temperature:  350°  C 
Sample  Size:  100  ul 

A  total  of  10  components  were  detected,  but  only  two  (2)  were  of  sufficient 
quantity  to  collect  and  identify*  The  components  detected,  their  elution 
temperatures,  and  their  relative  percentage  of  the  sample  are  tabulated  in 
Table  IV* 
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•  * 

TABLE  17  -  Components  of  62<MC  as  separated  by  Gas  Chromatography 


Component 

Slut  ion  Temperature  (°  C) 

Relative  %  Volume 

1 

r 

O 

045 

2 

50-53 

0.17 

3 

56-84 

3.76 

4 

65-76 

12.23 

5 

82-88 

0.11 

6 

90-117 

72.53  * 

7 

118-126 

6,80 

8 

168-177 

■0.42 

9 

217-226 

O.89 

10 

254-265 

1.52 

Only  fractions  6  and  7  were  collected  in  sufficient  quantity  for  infrared 
spectra.  Hie  samples  were  washed  out  of  the  collection  tube  with  spectroquality 
ohloroform,  transferred  to  sodium  chloride  plates,  the  chloroform  evaporated, 
and  the  Infrared  spectra  recorded.  Fraction  6,  accounting  for  72*53^  of  the 
saoqple,  was  identified  as  neoheptanoic  acid.  Fraction  7  was.  identified  as 
p-t-butyl-phenol#  • 

2.  Separation  of  Components  of  Sample  6293®  by  Liquid-Solid  Chromatography 
A  chromatography  column  (42  X  5*5  om),  packed  with  activated  alumina 
(20-200  mesh,  chromatographic  grade)  was  charged  with  5*0  ml  of  the  solution  with 
6293®  in  carbon  tetrachloride*  The  fractions  collected,  and  their  respective 
eluents  are  listed  in  Table  V* 

.  V 

Infrared  spectra  were  taken  of  the  various  fractions  by  evaporating  the 
eluent,  dissolving  the  resulting  residue  in  spectroquality  ohloroform,  and  running 
the  residue  dissolved  in  ohloroform  versus  pure  speotroquality  ohloroform  in 
matched  0*50  mm  solium  chloride  sealed  cells*  Fractions  1  through  8  were  identified 
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TABLE  7 


Fraction 

Eluent 

Volume  (ml 

1 

5*  C  Cfy  in  ligroine 

300 

2 

102  C  Cl^  in  ligroine 

300 

3 

102  C  Cl^  in  ligroine 

300 

4 

152  C  Cl4  in  ligro$ne 

300 

5 

35^  c  Cl4  in  ligroine 

300 

6 

402  C  Cl4  in  ligroine 

300 

7 

402  C  Cl^  in  ligroine 

300 

a 

c  ci4 

500 

9 

c  ci4 

300 

10 

H  C  Clj 

300 

11 

H  C  Cl^ 

1 

500 

12 

H  C  CI3 

300 

13 

H  C  CI3 

400 

14 

502  Ethyl  Acetate  in  H  C  CI3 

500 

15 

Ethyl  Acetate 

400 

16 

Ethyl  Aoetate 

300 

17 

Ethyl  Acetate 

300 

18 

Ethyl  Acetate 

300 

19 

Ethyl  Aoetate 

300 

20 

202  Methanol  in  Ethyl  Acetate 

300 

21 

202  Methanol  in  Ethyl  Acetate 

300 

22 

202  Methanol  in  Ethyl  Acetate 

300 

as  hydrocarbons,  and  even  though  specific  identification  of  each  compound  was  not 
possible,  their  infrared  spectra  indicate  that  they  are  alkenes,  with  only  minor 
differences  in  chemical  structure.  The  next  two  (2)  fractions  were  identified  as 
unoxidized  starting  material  (ELO-62-93).  The  next  fraction  (No.,16)  which  contained 
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enough  material  for  identification  yielded  p-tert-butylphenol .  Fraction  18  thru  20 
contained  p-hydroxypbanyibenzoate .  Fractions  21  and  22  contained  solium  acetate* 

At  the  present  time,  the  origin  of  the  sodium  is  not  known,  but  is  being  investigated 
Fractions  not  accounted  for  in  the  identification  ether  were  composed  of  mixtures  of 
the  identified  products  or  did  not  contain  sufficient  sample  for  identification. 

71.  EXPERIMENTAL  (304405-A-2) 

A.  Reaction  of  m-phenoxyphenyl-m-amino-phenylether  with  Acetic  Anhydride 
A  250  ml  three  necked  round  bottom  flask  fitted  with  a  Tnubore  stirrer, 
Uebig  condenser,  and  a  60  ml  addition  funnel  with  a  pressure  equilizing  arm 
fitted  with  a  gas  inlet  tube,  was  charged  with  m-phenoxyphenyl-m-amino  phenylether 
(20. Og,  0.072  mole)  dissolved  in  glacial  acetic  acid  (40  ml).  The  60  ml  addition 
funnel  was  charged  with  acetic  anhydride  (8  ml,  O.C84  mole)  in  glacial  acetic 
acid  (20  ml).  The  apparatus  was  flushed  with  dry  nitrogen  and  a  positive  nitrogen 
pressure  was  maintained  during  the  course  of  the  reaction  through  the  use  of  a 
mercury  bubbler  connected  to  the  condenser.  The  aoetle  anhydride  solution  was 
added  dropvise,  with  stirring,  to  the  reaction  vessel.  The  reaction  mixture 
was  then  heated  and  refluxed  for  2-1/2  hours,  cooled,  and  then  poured  into  ice 
water.  Tarry  brown  material  which  formed  was  recrystallized  from  ethanol-water, 

yielding  white  crystals  (l6.75g.  73*  yield,  m.p.  69.5  -  70-5°  C).  The  material 
was  submitted  for  analysis! 

Caculatedt  C«  75.47*;  Hr  5. 03*5  0*  15.09;  N»  4.40 

Found!  Ci  75.43X;  Hi  5.49#;  0i  15.49,  N»  4.45 

B*  Reaction  of  N-Acetyl-m-phenoxyphenyl-m-amino-phenylether  with  1-bromohexane 
Prior  to  asseni>line  the  apparatus,  ♦  7  was  baked  dry  overnight.  A  100  ml 
three  necked  round  bottom  flask,  fitted  with  a  Tru-bore  stirrer,  a  reflux  condenser, 
and  a  Claissen  adapter  to  which  two  60  ml  addition  funnels  were  fitted  (one  fitted 
with  a  gas  inlet  tube),  was  charged  with  NaH  (o.3g,  0.01  mole,  in  25*  mineral  oil) 
in  35  ml  of  xylene  after  the  apparatus  had  been  purged  with  dry  nitrogen.  A  dry  ■' 
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nitrogen  atmosphere  vas  maintained  during  the  course  of  the  reaction.  One  addition 
funnel  vas  charged  with  N-aeetyl-m-phenoxyphenyl-m-amino-phenylether  (3  «2g,  0.01  mole) 
in  25  ml  of  xylene.  The  other  addition  funnel  vas  charged  with  1-bromohexane 
(1.4  ml.  1.64g,  0.01  mole)  in  15  ml  of  xylene.  The  N-acetyl-w*phenoxyphenyl- 
m- ami no  phenylether  solution  vas  added  to  the  NaH  slurry  dropvise  with  stirring. 

The  reaction  mixture  vas  then  heated  to  reflux  with  stirring  for  two  hours.  During 
the  course  of  the  refluxing,  the  appearance  of  the  reaction  mixture  changed  from 
a  milky  grey  to  a  clear  yellow  solution.  At  the  completion  of  two  hours  of  refluxing, 
the  1-bromohexane  solution  vas  added  dropwise,  with  stirring  to  the  reaotion  flask. 
After  the  dropwise  addition  of  the  1-bromohexane  solution  vas  oompletedf  the  reaction 
mixture  was  heated  and  refluxed  for  1/2  hour,  during  which  time  the  appearance  of 
the  reaction  ohanged  from  a  clear  yellow  to  a  milky-white  solution.  The  reaction 

mixture  was  cooled  to  room  temperature  and. filtered.  The  white  solid  which  was 

* 

collected  gave  a  positive  halogen  test  when  tested  with  Ag  NO3  solution.  The 
filtrate  was  washed  twice  with  water  and  the  xylene  was  evaporated,  yielding  a 
white  oil.  The  material  failed  to  erystalllze  from  ethanol-water ,  so  it  was 
vacuum  distilled  at  a  hath  temperature  of  320°  C.  A  small  quantity  of  a  colorless 
liquid  (b.p.  208°  C/0.085  mm  Hg)  was  collected  and. an  Infrared  spectrum  of  this 
materials  indicated  that  the  reaction  hfd  yielded  a  trace  of  N-n-hexyl-N-acetyl- 
m-phenoxyphenyl-m-amino-phenylether.  No  other  materials  were  lsolatable  from  the 
tar  which  had  formed  during  the  vacuum  distiil'ati  on.  Perhaps  the  use  of  nitrogen 
through  the  capillary  bleed  during  the  vacuum  distillation  would  result  in  less 
tar  formation. 

C.  Reaotion  of  N-acetyl-m-phenoxyphenyl-m-amino-phenylether  with  t-butyl  Iodide 
Prior  to  assembling  the  apparatus  ‘  .  was  baked  dry  overnight.  A  500  ml  three 
necked* round  bottom  flask,  fitted  a  Tru-bore  stirrer,  reflux  condenser,  and  Claissen 
adapter  to  which  two  100  ml  addition  fdnnels  (one  was  fitted  with  a  gas  inlet  tube) 
were  fitted,  was  charged  with  NaH  (l«5g,  O.05  mole,  in  25%  mineral  oil)  in  100  ml  xylene 


aftar  the  apparatus  had  been  purged  with  dry  nitrogen*  A  dry  nitrogen  atmosphere 
was  maintained  during  the  course  of  the  reaction..  One  addition  funnel  was  charged 
with  N-acetyl-m-phenoxyphenyl-m-aminophenylether  (16  .Og,  0.05  mole)  in  90  *ylene  • 
The  N-acetyl-m-phenoxyphenyl-m-aminophenylether  solution  was  added  to  the  NaH  slurry 
dropwise  with  stirring.  The  reaction  mixture  was  then  heated  to  reflux  with  stirring 
for  two  hours.  During  the  course  of  the  refluxing,  the  appearance  of  the  reaction 
ohanged  from  a  milky  gray  to  a  clear  yellow  solution.  Then  the  t-butyl  iodide 
solution  was  added  dropwise  with  stirring  to  the  reaction  flask.  After  approximately 
15  ml  of  the  t-butyl  iodide  solution  was  added,  fine  white  solids  began  to  form. 

After  the  dropwise  addition  of  the  t-butyl  iodide  solution  was  completed ,  the 
reaction  mixture  was  heated  at  reflux  for  1/2  hour,  the  end  of  which  time  the 
reaction  mixture  changed  from  a  clear  yellow  to  a  milky-white  appearanoe.  The 
reaction  mixture  was  cooled  to  room  temperature  and  filtered.  An  attempt  was 
made  to  vacuum  distill  the  filtrate,  but  after  the  xylene  was  stripped  off,  the 
bath  temperature  was  raised  to  370°  C*  and  at  a  vacuum  of  0.4  mn  Hg,  but  no  product 
was  obtained.  The  reaction  product  is  currently  being  worked  up  in  a  different 
manner,  in  an  attempt  to  isolate  the  desired  product. 
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